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Introduction 2 Epidemiological studies show that the population of older adults is increasing in Western 3 societies (Leon, 2011) . Ageing is a primary risk factor for the development and progression 4 of most chronic degenerative diseases, and an ageing population presents major health, social 5 and economic burdens (WHO, 2002) . As populations become both older and more sedentary, 6
it becomes critical to identify protective factors for sustaining high levels of physical and 7 psychological functioning in the older adults. Regular physical activity can play an important 8 for an activity exceeds a person's aerobic capacity, the individual can no longer perform that 16 activity. Thus, the ability to maintain a high aerobic capacity is a major determinant of an 17 older adult's functional independence (Fleg & Strait, 2012) . 18
Ageing is accompanied by a progressive loss of muscle mass, which has been associated 19 with both lower muscle-force-production capacity and inability to perform the activities of 20 We expected that this study would facilitate the design of specific training that could be 24 used to address one or more physical abilities to improve the physical status of the older 25 ENDURANCE AND LOWER BODY STRENGTH IN OLDER ADULTS adults. To design an effective trial and training, it is necessary to understand how physical 1 ability, as determined by aerobic endurance and lower body strength, of the older adults 2 develop in a longitudinal perspective. This is particularly relevant for sedentary older adults 3 who are not used to even moderate physical activity. Also, despite the relevance of this topic, 4
we found no studies that investigated the relation between aerobic endurance and lower body 5 strength in sedentary older adults over time. 6 7 Methods 8 A longitudinal research design was used in this study with three waves. All participants 9
were tested three times in 1 year (6 months between tests) at Baseline, Time1 (T1) and Time2 10 (T2). This research is a part of the larger longitudinal 'Act on Ageing' project conducted in 11 the Piedmont region, Italy. To test the relations between aerobic endurance and lower body strength, we used a 6 cross-lagged analysis using MPlus version 6 with a maximum likelihood method, which is 7 recommended for small sample sizes (Olsson, Foss, Troye, & Howell, 2000). For missing 8 data, we used full information maximum likelihood approach, which performs better than 9 list-wise and pair-wise deletion methods (Schafer & Graham, 2002) . 10
The models presented in Figure 1 were tested. Concerning the fit indices, we examined 11 the chi-square, comparative fit index (CFI) and standardised root-mean-square residual 12 (SRMR). A model is considered to fit well when the model chi-square is not significant. In 
Results

20
Aerobic endurance 21
As seen in Table 2 , the means of aerobic endurance for the three waves are as follows: Cross-lagged analysis between aerobic endurance and lower body strength 10 First, we tested the four models presented in Figure 1 . As seen from Table 3 , only the 11 reciprocal-effects model achieved a decent fit. The lower-body-strength-driven model had a 12 significantly better fit compared to the stability model, and the aerobic-endurance-driven 13 model revealed a marginally significantly better fit than the stability model. In addition, the 14 reciprocal effects model fitted the data significantly better than the lower-body-strength-15 driven and aerobic-endurance-driven models. In conclusion, the findings suggest that the 16 reciprocal-effects model represent the relationship between lower body strength and aerobic 17 endurance over time relatively better than the alternative models. Figure 2 shows the 18 structural part of the model (for the measurement part see Table 3 ). Overall, the relationship 19 of both aerobic endurance and lower body strength were relatively stable from Baseline to T1 20 (β = 0.54, and β = 0.70, p < 0.0001, respectively) and T1 to T2 (β = 0.94, and β = 0.62, p < 21 0.001, respectively). For cross-lagged paths, there were three statistically significant effects. 22
Aerobic endurance at Baseline positively predicted lower body strength at T1 (β = 0.21, p < 23 0.0001), suggesting that higher aerobic endurance at Baseline was associated with higher 24 levels of lower body strength 6 months later. Furthermore, aerobic endurance at T1 25 ENDURANCE AND LOWER BODY STRENGTH IN OLDER ADULTS significantly predicted lower body strength at T2 (β = 0.37, p < 0.0001), suggesting that 1 higher aerobic endurance at T1 was associated with higher levels of lower body strength 6 2 months later. Regarding the effect of lower body strength, lower limb strength at Baseline 3 significantly predicted aerobic endurance at T1 (β = 0.17, p < 0.0001), suggesting that higher 4 lower body strength at Baseline was associated with higher aerobic endurance at T1, 6 5 months later. However, lower body strength at T1 did not significantly predict aerobic 6 endurance at T2 (β = 0.04). In sum, the effect of aerobic endurance on lower limb strength 7 was constant over time. In contrast, the effect of lower body strength was significant only for 8 the first period. 9
10
Discussion 11
The present study aimed to examine the relationship between aerobic endurance and 12 lower body strength in sedentary older adults. We tested four alternative models aimed at 13 assessing the association between aerobic endurance and lower body strength. We found that (Table 2) is very important because it shows how 15 these fundamental elements of physical functioning influenced each other. As can be seen 16 from the model, the level of aerobic endurance significantly affected lower body strength 17 over time. In addition, lower body strength initially affected aerobic endurance significantly. 18
In fact, we found that older adults who had high level of aerobic endurance also had a high 19 level of lower limb strength, and this relationship was steady over time. Furthermore, the 20 older adults who had a good level of aerobic endurance at the Baseline were more likely to 21 maintain a good level of lower limb strength after 6 and 12 months. Aerobic-endurance 22 activity is an effective form of exercise for increasing muscle strength and power in older The relation between aerobic endurance and lower body strength has important practical 7 consequences, because during the design of physical activity training for older adults is 8 crucial to know how the physical variables influence each other. To design an effective 9 training for the older adults, it is first necessary to know how aerobic endurance and lower 10 body strength of the older adults develop over time. Our study suggests that combined 11 training focusing on both aspects might be most effective than either form of training alone in 12 counteracting the detrimental effects of a sedentary lifestyle on the health and physical 13 functioning. However, training that focuses only on one of these aspects, aerobic endurance 14 or lower limb strength, could indirectly result in improvement of the other 15
The small sample size of our study makes it difficult to generalise our results to larger 16 contexts. For example, our sample size did not allow us to determine the relationship for 17 subgroups based on age or gender. Furthermore, the present study examines only two time 18
periods. Thus, a longer trial with more time points and a larger sample size might be more 19 informative. Finally, it would be interesting to compare this relationship in groups of 20 sedentary as well as physically active older adults. 21
Despite these limitations, our study highlights that the relation between aerobic endurance 22 and lower body strength might not be represented properly without considering the reciprocal 23 effects. Moreover, it extends the investigation of this relationship for sedentary older adults. 24 
